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(57) ABSTRACT 

The application discloses a method and apparatus for adjust 
ing internal load impedances, by section, at feed points 
present on a distributed ampli?er’s output transmission line. 
The method includes determining a summing-point load 
impedance (Zx) at an off-chip output transmission line of the 
distributed ampli?er. The method further includes determin 
ing a driving-point load impedance (Z) at an output of an 
on-chip poWer transistor. The driving-point load impedance 
diverges and disperses over frequency from that summing 
point load impedance due to reactance of at least one on-chip 
component coupled to the output of the on-chip poWer tran 
sistor. The method then includes determining and providing 
an offset to summing-point load impedance (Zx) based on the 
driving-point load impedance (Z d) such that the driving-point 
load impedance (Z) converges to the summing-point load 
impedance (Zx) of that distributed ampli?er section. 

12 Claims, 6 Drawing Sheets 
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METHOD AND APPARATUS FOR ADJUSTING 
LOAD IMPEDANCE OF A DISTRIBUTED 

AMPLIFIER 

FIELD OF THE DISCLOSURE 

The present disclosure relates generally to distributed 
ampli?ers and more particularly to a method and apparatus 
for adjusting summing point impedances on an output section 
of a distributed ampli?er. 

BACKGROUND 

Typically, a distributed ampli?er is a simple but uniquely 
architected structure that fundamentally enables a broadened 
frequency of operation When compared to conventional archi 
tectures. Historically, distributed ampli?ers tend to suffer in 
having limited output poWer capability or relatively loW e?i 
ciency. Physical implementation of distributed ampli?ers 
may be 1) on a printed circuit board (PCB) With discrete 
transistors, 2) completely internal to an integrated circuit (IC) 
package, or 3) a combination of these. The distributed ampli 
?er can be vieWed as having an input transmission line acting 
as a radio frequency (RF) input signal path, and an output 
transmission line for collecting and summing ampli?ed RF 
signal components. The distributed ampli?er embeds ampli 
?cation sections connected betWeen the input and output 
transmission lines for amplifying RF energy associated With 
the RF signal. The ampli?cation section consists of several 
transistors or poWer-transistors periodically suspended 
betWeen the input and output transmission lines. 

In general, an input RF signal is supplied to a section of 
transmission line connected to an input of a ?rst poWer tran 
sistor. As the input RF signal propagates along the input 
transmission line, the individual poWer transistors amplify 
the RF signal samples, and re-apply their ampli?ed signal 
component to be collected and summed in the proper additive 
phase on the output transmission line. Thus, the energy con 
tinues to build on the output transmission line segments. If the 
application is a so-called high poWer distributed ampli?er 
(DA), the currents in these interconnecting branches may 
become too high for a fully on-chip implementation. The 
passive segments or interconnects may have to reside on a 
PCB rather than in an IC. 

As alluded, the distributed ampli?ers may require the pas 
sive segments of the output transmission line to be on PCB, or 
namely, off-chip. This is more likely When the goal is to create 
a large signal or poWer-ampli?er as opposed to a small-signal 
distributed ampli?er. As described above, in the case of the 
poWer distributed ampli?er, the ampli?ed RF signal at each 
output poWer-transistor-section may be brought off-chip 
before connecting to a corresponding feed-point, tap -point, or 
summing-point on the output transmission line. Thus, the 
output poWer contribution at these locations bridges the on 
chip/off-chip boundary at each poWer transistor. This can 
solve a dissipation problem in the output transmission line, 
but creates a neW problem as Well. Namely this approach 
distorts the locus or set of best load impedances presented to 
each constituent poWer transistor. This distortion is due to 
undesired parasitic-loading effects by presence of chip 
boundary or packaged transistor boundary, Which is coupled 
to the output of the poWer transistor in this case. This distor 
tion, made up of impedance-displacement and dispersion 
over frequency, mismatches the output impedance loading of 
the poWer transistors, Which in-tum, likely degrades the per 
formance of the distributed ampli?er. 
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2 
Thus, there is a need to compensate the load impedance at 

the feed-points, tap-points or summing points of a distributed 
ampli?er that uses an off-chip output transmission line. 

BRIEF DESCRIPTION OF THE FIGURES 

The accompanying ?gures, Where like reference numerals 
refer to identical or functionally similar elements throughout 
the separate vieWs, together With the detailed description 
beloW, are incorporated in and form part of the speci?cation, 
and serve to further illustrate embodiments of concepts that 
include the claimed invention, and explain various principles 
and advantages of those embodiments. 

FIG. 1 illustrates a schematic circuit diagram of a distrib 
uted ampli?er in accordance With an embodiment of the 
invention. 

FIG. 2 illustrates a portion of a schematic circuit diagram 
of a distributed ampli?er having an off-chip output transmis 
sion line structure in accordance With an embodiment of the 
invention. 

FIG. 3 is a graph illustrating a cumulative shift of the 
summing-point load impedance by virtue of the existence 
off-chip/on-chip boundary, and due to on-chip components or 
parasitics in accordance With an embodiment of the invention. 

FIG. 4 illustrates a portion of a schematic circuit diagram 
of a distributed ampli?er having an additional, neW, off-chip 
intelligent pre-distortion (IP) component in accordance With 
an embodiment of the invention. 

FIG. 5 is a graph illustrating the total cumulative trajectory 
of summing-point load impedance due to incorporation of the 
intelligent pre-distortion (IP) block in accordance With an 
embodiment of the invention. 

FIG. 6 is a ?owchart of a method for adjusting an load 
impedance at a feed point in a distributed ampli?er in accor 
dance With an embodiment of the invention. 

Skilled artisans Will appreciate that elements in the ?gures 
are illustrated for simplicity and clarity and have not neces 
sarily been draWn to scale. For example, the dimensions of 
some of the elements in the ?gures may be exaggerated rela 
tive to other elements to help to improve understanding of 
embodiments of the present invention. 
The apparatus and method components have been repre 

sented Where appropriate by conventional symbols in the 
draWings, shoWing only those speci?c details that are perti 
nent to understanding the embodiments of the present inven 
tion so as not to obscure the disclosure With details that Will be 
readily apparent to those of ordinary skill in the art having the 
bene?t of the description herein. 

DETAILED DESCRIPTION 

The present disclosure is directed toWards a method for 
adjusting a load impedance at a feed point present on the 
output side of a distributed ampli?er. The method includes 
determining a load impedance, usually broadband, at a loca 
tion on the off-chip output transmission line of the distributed 
ampli?er. The method further includes determining a driving 
point load impedance currently present at an output of an 
on-chip poWer transistor. The driving-point load impedance is 
diverged and dispersed over frequency from the summing 
point load impedance available at the tap point or summing 
point on the output transmission line. This is due to reactance 
of at least one on-chip component coupled to the output of the 
on-chip, or individually packaged, poWer transistor. The 
method then includes providing an offset to the summing 
point load impedance based on the transistor or driving-point 
load impedance such that the driving-point load impedance 
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converges to, converges toward, or closely mimics the sum 
ming-point load impedance that is available on the output 
transmission line. 

FIG. 1 illustrates a schematic circuit diagram of a distrib 
uted ampli?er 100 that is capable of amplifying a broad range 
of frequencies in accordance With an embodiment of the 
invention. The distributed ampli?er 100 may be a high poWer 
version implemented in a broad array of application areas 
such as portable radio, mobile radio, and cognitive radio 
transmitters or receivers. General purpose use such as a driver 

or common driver of yet higherpoWered ampli?er stages may 
embody the distributed ampli?er of the present invention. 
Providing a broad frequency range of ampli?cation makes the 
distributed ampli?er of interest to military systems in accor 
dance With the embodiment of the invention. 

The distributed ampli?er 100 includes an input transmis 
sion line 142 consisting of a series of at least one of inductive 
elements or microstrip transmission lines 134,136,138,140, 
an output transmission line 144 composed of a series of at 
least one of inductive elements or microstrip lines 102,104, 
106,108, or an L-C structure, an optimal reverse Wave match 
ing port 146 on the output transmission line 144 having an 
image matching impedance. A DC drain bias source 150, 
connected to ground, can feed the output line in various 
locations. An input Wave matching port 148 on the input 
transmission line 142, having an image matching impedance, 
is connected to DC gate bias source 152 connected to ground, 
and a series of poWer transistors 122, 124, 126 suspended in 
the structure, as shoWn in FIG. 1, betWeen the input and 
output transmission lines 142, 144. 

In accordance With the embodiment, an output terminal of 
each poWer transistor is connected by an output block (OB) 
116, 118, 120 to junction, tap, or summing nodes or feed 
points betWeen the microstrips 102, 104, 106, 108 of the 
output transmission line 144. An input terminal of each poWer 
transistor is connected by an input block (IB) 128, 130, 132 to 
similar junction nodes betWeen the microstrips 134, 136, 138, 
140 of the input transmission line 142. The input and output 
blocks are implemented to optimiZe hoW energy is split and 
re-combined Within the entire structure. 

Further, the distributed ampli?er 100 includes summing 
points S1, S2, S3 at corresponding feed points 110, 112, 114 
for adding the ampli?ed radio frequency (RF) signals from 
each transistor, resulting in a higher poWer ampli?ed RF 
signal at the output of the entire distributed ampli?er 100. 
Impedances at these summing points S1, S2, S3 are referred to 
summing-point load impedance Z1, Z2, Z3. The impedance Z,C 
(XII, 2, 3 . . .n) at the summing point S,C (XII, 2, 3 . . . n) in 
a optimally tapered distributed ampli?er 100 can produce a 
very broadband load impedance. The summing-point load 
impedance Z,C enables the distributed ampli?er structure 100 
to periodically load the poWer transistors in an optimal broad 
manner improving the overall effectiveness of poWer ampli 
?cation in the distributed ampli?er 100. 

In accordance With the embodiment, the radio frequency 
(RF) signals are sent through the input transmission line 142 
of the distributed ampli?er (DA) 100. As the input RF signal 
propagates along the input transmission line 142, each indi 
vidual poWer transistor ampli?es the RF signal samples and 
forWard these ampli?ed RF signal components to the corre 
sponding summing point on the output transmission line. The 
energy builds on the output transmission line due to contri 
butions taking place at each summing point SK. 

Further, since DA 100 is capable of amplifying a broad 
range of frequencies, the summing-point load impedance Zx, 
is maintained as broad as possible, through overall design 
optimization, so as to drive a constant load to the poWer 
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4 
transistors. This, in-turn, improves the performance of DA 
100. HoWever, the summing-point load impedance Z,C may be 
further or additionally diverged and dispersed (relocated and 
spread out) across frequency When it is transformed to a 
driving-point or load point of the transistor, due to probable, 
undesired, parasitic affects stemming from on-chip compo 
nents in the output block (OB) 116, 118, 120 coupled to the 
output of the corresponding transistor. As soon as there is a 
boundary such as an interface betWeen on-chip to off-chip, 
these parasitics have been created. Thus, in order to recover or 
mimic the summing-point load impedances at the driving 
point of each poWer transistor, an intelligent pre-distort (the 
IP) block is also introduced into each output block (OB) 116, 
118, 120 of the distributed ampli?er 100. 

FIG. 2 illustrates a portion of a schematic circuit diagram 
of a distributed ampli?er having off-chip output transmission 
line 144 in accordance With an embodiment of the invention. 
For simplicity, only tWo sections of the schematic circuit 
diagram of FIG. 1 are considered. It is to be noted that the 
process is applicable to each poWer transistor leg of the dis 
tributed ampli?er. In FIG. 2, an exploded vieW of the output 
block (OB) of FIG. 1 is shoWn, for example, the on-chip 
components 212, 216, 220 are connected in series and are 
constituents Within the output block 116 of FIG. 1, While 
on-chip components 214,218,222 are constituents Within the 
output block 118. 

In one embodiment, the undesired parasitic affects are 
made up of at least several items. The on-chip components 
212, 214 are transmission line components that may act 
capacitively in a high impedance setting. Similarly, the on 
chip components 216, 218 are inductive components provid 
ing a given inductive reactance to the load, and the on-chip 
components 220, 222 are capacitive components providing a 
given capacitive reactance to the net loading of the poWer 
transistors 122, 124. 

In accordance With the embodiment, the distributed ampli 
?er includes, at least, an off-chip output transmission line 
144. In FIG. 2, a dotted line indicates the separation of on 
chip and off-chip portions of the distributed ampli?er. In one 
embodiment, FIG. 2 may also represent a distributed ampli 
?er With no chip at all, and the poWer transistors 122, 124 are 
each individually packaged. For clarity, the input transmis 
sion line 142 and the input blocks 128-132 of FIG. 1 are not 
shoWn in FIG. 2. The poWer transistors 122, 124 and critical 
boundary-components 212-222 are positioned Within a pack 
age: IC or otherWise. On the other hand, the output transmis 
sion line 144 having a series of microstrip elements 102, 104, 
106 is positioned off-chip or outside of packaging. In one 
embodiment, positioning the output transmission line 144 
outside the package prevents over heating of the output trans 
mission line 144 due to high RF currents at the output of 
poWer transistors 122, 124. 

Further, since the output transmission line 144 is brought 
off-chip, the high poWer ampli?ed RF signal, from each 
poWer transistor, is brought off-chip before summing or con 
necting to the feed point 110, 112 of the output transmission 
line 144. Bringing the high poWer RF signal outside the 
package, or off-chip, may prevent destruction of the output 
transmission line 144. HoWever, bringing the RF signal from 
on-chip to off-chip repeatedly may disturb the set of trans 
formed driving-point load impedances Z d, resulting in poWer 
transistor mismatch. This implies divergence from the sum 
ming-point load impedance Z,C of the distributed ampli?er 
200. Further, due to this mismatch, the poWer transistor may 
drive a highly frequency-dispersed load, Which in-tum 
degrades the performance of the distributed ampli?er 200, 
Which could be broadband in nature. Thus, an intelligent 
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pre-distort block (not shown) is introduced between the sum 
ming points 110,112 and the corresponding on-chip compo 
nents 212, 214 to maintain a more frequency-consistent driv 
ing-point load impedance Zd, and converging to the 
summing-point load impedance Zx, at the output of the poWer 
transistors 122, 124. 

FIG. 3 is a graph illustrating the trajectory movement of 
summing-point load impedance Z,C due to distortion from so 
called ‘undesired’ on-chip components in accordance With an 
embodiment of the invention. For simplicity, FIG. 3 depicts 
the graph of one section of the distributed ampli?er 200 
having a poWer transistor 122, on-chip components 212, 216, 
220, and the feed point 110 ofFIG. 2. It is to be noted that the 
graph is not limited to only one poWer transistor 122, and is 
applicable to each poWer transistor of the distributed ampli 
?er. FIG. 3 indicates the graph of a load plane 302, in Which 
one typically desired impedance locus (Z d8) for an ideal dis 
tributed ampli?er is represented as a dotted circle 314. 

In accordance With the embodiment, the load plane indi 
cates a summing-point load impedance Zx, as a much con 
verged locus over frequency or starting point 306. Movement 
for only one frequency is shoWn. For example, the impedance 
at this point 306 is several hundred ohms and consistent over 
frequency much like a conventional ordinary system imped 
ance of 50 ohms at a point 304. Further, due to capacitive 
reactance of the transmission line component 212 or 214, the 
summing-point load impedance Z,C is distorted or displaced 
and moves doWn to a point 308 that is beloW the locus point 
306. Since the reactance is a mostly capacitive reactance, a 
line betWeen the points 306 and 308 moves in a clock Wise 
direction bringing the summing-point load impedance further 
aWay from the desired impedance 314. This movement indi 
cates an offset or shift in the impedance value of the sum 
ming-point load impedance Zx. Further, as the shifted sum 
ming-point load impedance is evaluated even closer to the 
transistor, it experiences another offset due to inductive reac 
tance of the on-chip inductive component 216 connected in 
series to the transmission line component 212. This offset 
moves the summing-point load impedance Zx, in an inductive 
direction, from the point 308 to a point 310 in the load plane 
302. 
As the summing-point load impedance Z,C is further trans 

formed, it experiences another disruption or displacement 
due to capacitive reactance of the capacitive component 220 
connected betWeen the inductive component 216 and the 
poWer transistor 122. Thus, the summing-point load imped 
ance is further shifted more-capacitive or doWnWard reaching 
the point 312 ofload plane 302. The point 312 is a stop point 
that is also knoWn as the driving-point in FIG. 2. The ?nal 
shifted summing-point load impedance at the driving-point is 
represented as the driving-point load impedance Zd Which is 
mismatched With the summing-point load impedance Z,C 
determined at the feed point of the transmission line. Thus, as 
the summing-point load impedance is brought into the pack 
aging, i.e., from off-chip to on-chip, the summing-point load 
impedance is degraded via divergence and dispersement over 
frequency, knoWn as distortion, from the contributions of 
on-chip components 212, 216, 220. 

Therefore, to maintain the consistent summing-point load 
impedance at the driving-point of the poWer transistor, an 
off-chip IP block is introduced at the output transmission line 
as shoWn in FIG. 4. 

FIG. 4 illustrates a portion of a schematic circuit diagram 
400 of a distributed ampli?er having off-chip IP component 
420 in accordance With an embodiment of the invention. 
Output transmission line 144 includes a series of microstrip 
elements 102,104 positioned off-chip and coupled to a feed 
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6 
point 110. The IP component includes an illustrated transmis 
sion line component 408 and an inductive component 410. 
The transmission line component may also be a microstrip 
stub, a shunt chip-C, or any similar component that provides 
a predetermined capacitive reactance. One end of the trans 
mission line component 408 is connected to a feed point or 
junction node of the output transmission line 444, and the 
other end of the transmission line component 408 is con 
nected to the inductive component 410. The inductive com 
ponent 410 may be any component that provides a predeter 
mined inductive reactance. The inductive component 410 is 
further connected to the on-chip or in-package series coupled 
components 212, 216, 220, and then to the poWer transistor 
122. The performance of the IP block is described in detail 
With reference to a graph shoWn in FIG. 5 utiliZing references 
(A)(B)(C), and (J)(K) representing the components 212, 216, 
220, and 408, 410 respectively. 

FIG. 5 is a graph illustrating the trajectory of the summing 
point load impedance Z,C as traversal is made to driving point 
impedance Z d. The pre-distortion of off-chip component or IP 
block is shoWn in accordance With an embodiment of the 
invention. Also shoWn are the affects of the generaliZed on 
chip parasitics that the pre-distortion Was designed to Work 
With. It is to be noted that the graph 500 is described With 
reference to the schematic diagram of FIG. 4. 

In accordance With the embodiment, the load plane 502 
indicates the summing-point load impedance Zx, at a locus 
point or starting point 506. For example, the impedance at this 
point 506 is high compared to the normal impedance of 50 
ohms at a point 504.Also, the impedance at the point 506 may 
be very broad or ?at With frequency. The transmission line 
component 408, represented as a component (j) in FIG. 5, 
provides a ?rst sub-offset to the summing-point load imped 
ance Z,C such that the summing-point load impedance shifts to 
a point 508 that is intentionally aWay from a desired load 
impedance of the distributed poWer ampli?er. Since capaci 
tively dominant reactance, for example, component (j), is 
used, the summing-point load impedance moves more 
capacitively doWnWards in a clockWise direction When draWn 
on a 50 ohm Smith Chart, Which is aWay from the ultimately 
desired load impedance Zde. 

Further, the inductive component 410, represented as a 
component (k), connected in series to the transmission line 
component 408 provides a second sub-offset to the shifted 
summing-point load impedance such that a total shifted 
impedance is noW pre-positioned to achieve the desired load 
impedance of the distributed poWer ampli?er. The second 
sub-offset moves the summing-point load impedance more 
inductively upWard, in an anti-clockwise direction if draWn 
on a 50 ohm Smith Chart, to a point 510 in the load plane 502. 
In one embodiment, the inductive component 410, for 
example, component (k), provides an inductive contribution 
to the shift or transformation of the summing-point load 
impedance Z,C so that the neW impedance noW moves to an 
optimal pre-biased location such that further constituent 
movements, for example, from the point 510 to a point 512, 
then to a point 514 and back to the point 506, of the on-chip 
components, represented as components (a), (b), (c), move 
the resultant driving-point load impedance close to the 
desired load impedance of the distributed ampli?er. Though 
described for one frequency, the collective set of movements 
retains the convergent nature at all frequencies. Thus, the 
off-chip components or IP block, Working in conjunction 
With on-chip components, closely preserve the original Zx in 
its cumulative transformation to a ‘Zd’ that is presented to the 
corresponding poWer transistor in the distributed ampli?er. 
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FIG. 6 is a ?owchart of a method 600 for adjusting a load 
impedance at a feed point in a distributed ampli?er in accor 
dance With an embodiment of the invention. The method 600 
starts at 602 With a step of determining 604 a summing-point 
load impedance Z,C at an off-chip output transmission line of 
the distributed ampli?er. The method 600 then continues With 
a step of determining 606 a driving-point load impedance Z d 
at an output of an on-chip poWer transistor. In accordance 
With the embodiment, the driving-point load impedance may 
spatially diverge and disperse over frequency from the sum 
ming-point load impedance due to reactance of at least one 
on-chip component, such as components 212, 216, 220, 
coupled to the output of the on-chip poWer transistor 122. The 
method 600 then continues With a step of determining 608 
Whether the driving-point load impedance Z d is similar to the 
summing-point load impedance Zx, If the driving-point load 
impedance Z d is similar to as the summing-point load imped 
ance Z,C then the method 600 terminates at a step 612. 

On the other hand, if the driving-point load impedance Z d 
is not adequately converged to the summing-point load 
impedance Zx, the method continues With a step of providing 
610 an offset to the summing-point load impedance Z,C based 
on the driving-point load impedance Z d such that the driving 
point load impedance Zd converges to the summing-point 
load impedance Z,C of the distributed ampli?er. The offset is 
provided by employing off-chip components, such as the 
transmission line component 408 and the inductive compo 
nent 410, knoWn as IP block 420 of FIG. 4. The transmission 
line or mostly-capacitive component 408 provides a ?rst sub 
offset to the summing-point load impedance such that the 
summing-point load impedance shifts aWay from a desired 
load impedance of the distributed poWer ampli?er. Similarly, 
the inductive component 410 provides a second sub-offset to 
the shifted summing-point load impedance such that a total 
shifted impedance is pre-positioned to subsequently achieve 
the desired transistor-driving-point load impedance Zd, 
Within a distributed poWer ampli?er. For example, the on 
chip components then operate upon the total shifted imped 
ance of the summing-point load impedance such that the 
impedance at the driving-point Zd of the transistor is again 
re-formed and re-converged over frequency to that of the 
summing-point load impedance. Thus, the IP block intro 
duces a prior-distortion to those summing-point load imped 
ances that shifts the impedance-set to a pre-positioned local 
ity so that the inherent or constituent contribution of the 
on-chip components brings the impedance back to a similar 
positioning as that of the summing-point load impedance at 
the feed point on the transmission line. Thus, the IP block 
formed and operating in accordance With the embodiment of 
the invention supports maintaining a desired loading at the 
output of the poWer transistor. 

Accordingly, there has been provided a distributed ampli 
?er that can be implemented in a communication device for 
amplifying broad range of frequencies. The communication 
device may be a portable communication device, a battery 
poWered portable communication device, a handheld sub 
scriber device, or a vehicular mobile device. Also, the com 
munication device having distributed ampli?er may be oper 
ated Within at least one of a cognitive radio netWork or a 
public safety netWork. 

Further, distributed ampli?ers may also be implemented in 
military and medical equipments such as radars, communi 
cation, counter measures etc. Because of their broadband 
nature, they may simply be used as a “one part does it all” 
ampli?er in a general purpose manner, Which is an easy Way 
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8 
for a manufacturer to buy one part and reduce the number of 
parts they need to buy from vendors that may operate only in 
a limited band of frequencies. 

In the foregoing speci?cation, speci?c embodiments have 
been described. HoWever, one of ordinary skill in the art 
appreciates that various modi?cations and changes can be 
made Without departing from the scope of the invention as set 
forth in the claims beloW. Accordingly, the speci?cation and 
?gures are to be regarded in an illustrative rather than a 
restrictive sense, and all such modi?cations are intended to be 
included Within the scope of present teachings. 

The bene?ts, advantages, solutions to problems, and any 
element(s) that may cause any bene?t, advantage, or solution 
to occur or become more pronounced are not to be construed 

as a critical, required, or essential features or elements of any 
or all the claims. The invention is de?ned solely by the 
appended claims including any amendments made during the 
pendency of this application and all equivalents of those 
claims as issued. 

Moreover in this document, relational terms such as ?rst 
and second, top and bottom, and the like may be used solely 
to distinguish one entity or action from another entity or 
action Without necessarily requiring or implying any actual 
such relationship or order betWeen such entities or actions. 
The terms “comprises,” “comprising,” “has”, “having,” 
“includes”, “including,” “contains”, “containing” or any 
other variation thereof, are intended to cover a non-exclusive 

inclusion, such that a process, method, article, or apparatus 
that comprises, has, includes, contains a list of elements does 
not include only those elements but may include other ele 
ments not expressly listed or inherent to such process, 
method, article, or apparatus. An element proceeded by 
“comprises . . . a”, “has . . . a ” 

a, 
, “includes . . . a , 

“contains . . . a” does not, Without more constraints, preclude 

the existence of additional identical elements in the process, 
method, article, or apparatus that comprises, has, includes, 
contains the element. The terms “a” and “an” are de?ned as 
one or more unless explicitly stated otherWise herein. The 
terms “substantially”, “essentially”, “approximately”, 
“about” or any other version thereof, are de?ned as being 
close to as understood by one of ordinary skill in the art, and 
in one non-limiting embodiment the term is de?ned to be 
Within 10%, in another embodiment Within 5%, in another 
embodiment Within 1% and in another embodiment Within 
0.5%. The term “coupled” as used herein is de?ned as con 
nected, although not necessarily directly and not necessarily 
mechanically. A device or structure that is “con?gured” in a 
certain Way is con?gured in at least that Way, but may also be 
con?gured in Ways that are not listed. 

The Abstract of the Disclosure is provided to alloW the 
reader to quickly ascertain the nature of the technical disclo 
sure. It is submitted With the understanding that it Will not be 
used to interpret or limit the scope or meaning of the claims. 
In addition, in the foregoing Detailed Description, it can be 
seen that various features are grouped together in various 
embodiments for the purpose of streamlining the disclosure. 
This method of disclosure is not to be interpreted as re?ecting 
an intention that the claimed embodiments require more fea 
tures than are expressly recited in each claim. Rather, as the 
folloWing claims re?ect, inventive subject matter lies in less 
than all features of a single disclosed embodiment. Thus the 
folloWing claims are hereby incorporated into the Detailed 
Description, With each claim standing on its oWn as a sepa 
rately claimed subject matter. 
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I claim: 

1. A distributed power ampli?er comprising: 
an off-chip output transmission line having a ?rst load 

impedance at a summing junction; 
at least one off-chip component, coupled betWeen the off 

chip output transmission line and at least one on-chip 
component, the at least one on-chip component coupled 
to an output of a poWer transistor, Wherein the off-chip 
component provides an offset to the ?rst load impedance 
such that a second load impedance at an output of a 
poWer transistor converges to the ?rst load impedance of 
the distributed ampli?er, the off-chip component includ 
ing at least one of a transmission line component and an 
inductive component, the at least one of the transmission 
line component and a capacitive component providing a 
?rst sub-offset to the ?rst load impedance so that the ?rst 
load impedance diverges aWay from a desired load 
impedance of the distributed ampli?er; and 

a plurality of sections, each section having a plurality off 
chip components coupled to the transmission line, 
Wherein the inductive component provides a second sub 
offset to the ?rst load impedance so that the ?rst load 
impedance moves to an optimiZed pre-biased location 
such that constituent movements of the on-chip compo 
nents move and re-converge the second set of load 
impedances, over frequency, close to the desired load 
impedance at each section of the distributed ampli?er. 

2. The distributed poWer ampli?er of claim 1, Wherein the 
distributed ampli?er is an ampli?er implemented in a radio 
frequency (RF) device supporting broad range of frequencies. 

3. The distributed poWer ampli?er of claim 1, Wherein the 
distributed ampli?er is an ampli?er implemented in a com 
munications device. 

4. The distributed poWer ampli?er of claim 3, Wherein the 
communication device operates Within a cognitive radio net 
Work. 

5. The distributed poWer ampli?er of claim 3, Wherein the 
communication device operates Within a public safety net 
Work. 

6. The distributed poWer ampli?er of claim 3, Wherein the 
communication device is a portable communication device. 

7. The distributed poWer ampli?er of claim 6, Wherein the 
portable communication device is a battery poWered portable 
communication device. 

8. The distributed poWer ampli?er of claim 7, Wherein the 
battery poWered portable communication device is one or 
more of a handheld subscriber device and a vehicular mobile 
device. 
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9. A method for adjusting load impedance at an output feed 

point present in a distributed ampli?er, the method compris 
ing: 

determining a ?rst load impedance (ZX) at an off-chip 
output transmission line of the distributed ampli?er; 

determining a second load impedance (Zd) at an output of 
an on-chip poWer transistor, Wherein the second load 
impedance diverges and disperses over frequency from 
the ?rst load impedance due to reactance of at least one 
on-chip component coupled to the output of the on-chip 
poWer transistor; and 

providing an offset to the ?rst load impedance (ZX) based 
on the second load impedance (Zd) such that the second 
load impedance (Zd) converges to the ?rst load imped 
ance (ZX) of the distributed ampli?er, Wherein the offset 
is provided by at least one of: biasing the summing 
-point load impedance; and pre-distorting the locus of 
summing-point load impedance. 

10. A method for adjusting load impedance at an output 
feed point present in a distributed ampli?er, the method com 
prising: 

determining a ?rst load impedance (ZX) at an off-chip 
output transmission line of the distributed ampli?er; 

determining a second load impedance (Zd) at an output of 
an on-chip poWer transistor, Wherein the second load 
impedance diverges and disperses over frequency from 
the ?rst load impedance due to reactance of at least one 
on-chip component coupled to the output of the on-chip 
poWer transistor; and 

providing an offset to the ?rst load impedance (ZX) based 
on the second load impedance (Zd) such that the second 
load impedance (Zd) converges to the ?rst load imped 
ance (ZX) of the distributed ampli?er, Wherein providing 
the offset to the ?rst load impedance (Zx) further com 
prises: 
providing a ?rst sub-offset to the ?rst load impedance 

such that the ?rst load impedance shifts aWay from a 
desired load impedance of the distributed poWer 
ampli?er; and 

providing a second sub-offset to the shifted ?rst load 
impedance such that a total shifted impedance is pre 
positioned to eventually achieve the desired load 
impedance presented to a given transistor Within the 
distributed poWer ampli?er. 

11. The method of claim 10, Wherein the ?rst load imped 
ance is a summing-point load impedance (Zx). 

12. The method of claim 10, Wherein the second load 
impedance is a driving -point load impedance (Zd) of the 
on-chip poWer transistor. 

* * * * * 


